Abstract: We present a new, robust method for control of resonant modulator wavelength that is integrated with an on-chip balanced detector. Experimental results demonstrate long-term locking with low bit error rate over greater than 55ºC range.
Fig. 1.
A color enhanced optical image of the fabricated modulator locking system, shown without metal layer. The integrated germanium detectors were used for this demonstration. DC: directional coupler; EDFA: erbium doped fiber amplifier; PD: photodetector; BPF: band pass filter; BERT: bit error rate tester; e(t): locking error signal.
The error signal is produced by interfering a fraction of the light sent through the input port of the modulator with a fraction coupled out from the drop port of the modulator, using a four port 50% directional coupler. The interference should be performed with a 50% directional coupler (see Fig. 1 ). With an amplitude modulator, it is necessary to lock on the side of the resonance. This is accomplished by setting the thermo-optic phase shifter [7] voltage so that when locked to zero, the optical carrier is held to the side of the resonance. Combining the transfer function of the modulator with balanced detector, we arrive at the transfer function (Eqn. 1) for the error signal of BHL in the presence of a phase shift, ϕ. Here, α is the total conversion, a 0 is the input field amplitude, κ is the modulator coupling , R is the modulator radius and β is the wavevector in the modulator. The shape of this function is shown in Fig. 2 for phase shifter set points, ϕ = {0, π/4}. At π/4, the modulator is locked to the side, which corresponds to 5 volts applied to the phase shifter. To test the performance of the modulator when locked, we connected it to a Centellax TD1B1-A bit error rate tester (BERT), as shown in Fig. 1 . The modulator is similar to the vertical junction disk described in [8] , and achieved low error operation (locked or unlocked) at up to 5 Gb/s. First, the modulator was locked to the optical carrier, and the phase shifter voltage was adjusted once to minimize bit error rate (BER). Then, with the laser wavelength and phase shifter fixed, the temperature of the chip was varied from 5º C to 60º C while the BER was observed over 120 seconds for different pseudorandom pattern lengths. As shown in Fig. 3 , the modulator achieved error free operation over this temperature range with a pattern length of 2 15 -1 bits. For longer pattern lengths, the BER of this particular modulator increases because of the accumulation of free carriers in the modulator, and is independent of the locking. Measurements and calculations, to be presented, suggest that the increase in BER at 60º C is due to a small (~20º) phase shift induced in the interferometer by the modulator heater. However, we anticipate that improved layout and thermal isolation can minimize this effect. Moreover, adjustment of the phase shifter voltage can shift the center of the error free locking range. 
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